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(54) Electronic camera and its method of multiple exposure 

(57) An electronic camera comprising a frame 
memory 6 f which stores a digital picture data corre- 
sponding to a picture of one frame, and a multiple expo- 
sure control circuit 5 f which controls multiple exposures. 
In response to a number of multiple exposures "m", 
wherein "m" is an integer or being greater than or equal 
to 2, the frame memory 6 has a memory capacity of "M" 
bits defined by an equation: M = (N + k x nPXL) , 
wherein "NT is a necessary capacity in bit for a single 
exposure, "k" is an integer of satisfying an inequality 2 k " 
1 <m^2 k and nPXL is a number of pixels in one picture 
frame. The digital picture data i s integrated by i be 
number of multiple exposures "*m 5 ~ with the multiple 
^exposure control circuit 5and stored in the frame mem- 
ory 6, and then a^yalu£_co rrespona1ng to each pixel o f 
thfi picture data opined hy thf> jntpqratinn^js 

decreased by a factor of 1/m and outputted. 



CM 
< 

00 

CO 

o 



CL 

LU 

Printed byXenn (UK) Bushess Services 
2.16.7 (HRSV3.6 



1 



EP 1 067 778 A2 



2 



Description 

BACKGROUND OF THE INVEISTTION 
Field of the Invention: 

[0001] The present invention relates to an elec- 
tronic camera, which outputs an optical image of a sub- 
ject converted into an electronic signal, particularly, 
relates to an electronic camera having a function of mul- 
tiple exposures and its method of multiple exposure. 

Description of the Related Art 

[0002] Such cameras as an electronic still camera 
of taking a still-picture and a video camera of taking a 
motion picture are constituted of that a picture signal 
obtained by an image sensing device is inputted into an 
automatic gain control (AGC) circuit and the picture sig- 
nal is inputted into an analog to digital (A/D) converter 
after a level of the picture signal has been adjusted to an 
optimum level. Accordingly, in a case that a picture data 
outputted from an A/D converter is stored in a frame 
memory, an overflow phenomenon occurs if a multiple 
exposure is performed with setting a memory capacity 
of the frame memory to a memory capacity in response 
to a picture data obtained by a single exposure. 
[0003] In order to solve the above-mentioned prob- 
lem, a method of decreasing an output level of an image 
sensing device by stopping down light intensity in an 
optical system or by shortening one exposure time is 
conceivable. However, a signal to noise ratio (S/N) of a 
signal outputted from the image sensing device is dete- 
riorated by this method and there existed another prob- 
lem that picture quality of a picture obtained finally is 
degraded. Another method of th at an alread y accumu- 
lated data and a newly acc umula ting data are divided 
i nto two and then they are aaaea wnile accumulating a 
picture data is also conceivable. H owever, there existed 
a further problem that information about a picture data 
accumulated first becomes 1/2 m-1 > wherein "m" is a 
number of multiple exposures and is an integer of being 
greater than or equal to 2. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, in consideration of the above- 
mentioned problems of the prior art, an object of the 
present invention is to provide an electronic camera , 
which can obtain a multi-exaos^ d-pictui eJn prope r 
^exegsurj^ without deteriorating a signal to noise ratio 
(S/N) of output of an image sensing device or overflow- 
ing a memory capacity, with balancing picture informa- 
tion obtained at each exposure during a multiple 
exposure process. 

[0005] In order to achieve the above object, the 
present invention provides, according to an aspect 
thereof, an electronic camera, which can perform multi- 



. . pie exposures, comprising image sensing means for 
outputting an optical image of a subject after converting 
the optical image into an electric signal; analog to digital 
converting means for converting a picture signal 

5 obtained by the image sensing means into a digital pic- 
ture data; and memory means for storing the digital pic - 
ture data corresponding to a picture of one fram e, the 
electronic camera is further characterized by that the 
memory means has a memory capacity of m M m bits 

10 defined by an equation mentioned below in response to 
a number of multiple exposures "m", wherein the "rrT is 
an integer of being greater than or equal to 2, and that 
the digital picture data is integrated by the number of 
m ultiple exposures "m* and stored in th e m emor y 

is means, and that a value corr espondin g to each pixefo f 
the picture date obtained ov tne integration is 
decreased bv a factor of 1/m and outputted : 
M = (N + k x nPXL) , where "N" is a necessary capacity 
in bit for a single exposure, "k" is an integer of satisfying 

20 an inequality 2 k1 <ms 2* and nPXL is a number of pixels 
in one picture frame. 

[0006] According to an aspect of the present inven- 
tion, there provided a method of multiple exposure of an 
electronic camera comprising steps of outputting an 

25 optical image of a subject after converting the optical 
image into an electric signal; converting a picture signal 
in analog obtained in the step of outputting into a digital 
picture data; and storing the digital picture data corre- 
sponding to a picture of one frame in memory means, 

30 wherein the memory means has a memory capacity of 
"M" bits defined by an equation mentioned below in 
response to a number of multiple exposures "m", 
wherein the "m" is an integer of being greater than or 
equal to 2, and wherein the digital picture data is inte- 

as grated by the number of multiple exposures "m" and 
stored in the memory means, and wherein a value cor- 
responding to each pixel of the picture data obtained by 
the integration is decreased by a factor of 1/m and out- 
putted: M = (N + k x nPXL) , where B N B is a necessary 

40 capacity in bit for a single exposure, "k" is an integer of 
satisfying an inequality 2 k * 1 <m£ 2 k and, nPXL is a 
number of pixels in one picture frame. 
[0007] Other object and further features of the 
present invention will be apparent from the following 

45 detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

so [0008] 

Fig. 1 shows a block diagram of an electronic cam- 
era according to an embodiment of the present 
invention. 

55 Fig. 2 shows a block diagram of an electronic cam- 
era depicting a control function during multiple 
exposure according to the embodiment of the 
present invention. 
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Rg. 3 shows a flow chart of processing steps during 
multiple exposure according to the embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS 

[Embodiment] 

[0009] Rg. 1 is a block diagram of an electronic w 
camera according to an embodiment of the present 
invention. 

[0010] In Rg. 1 , an electronic camera comprises an 
image sensing ftevigft 1 , a correlation double sampling 
(CDS) circuit 2, an automatic gain control (AGC) circuit 75 
3, an analog to digital (A/D) converter circuit 4, a multi- 
jle exposure control circuit 5 . a frame memory 6 . ju-. 
jfiyltfer ryrm|jt 7, a signal processing circuit 8 and a 
recording medium 9. 

[0011] The image sensing device 1 converts an 20 
optical image of a subject, which is obtained by an opti- 
cal system notshown . into an electric signal. The CDS 
circuit 2 eliminates a readout clock from an output signal 
of the image sensing device 1. The AGC circuit 3 main- 
tains a signal level at constant level. The A/D converter 2s 
circuit 4 converts an output signal from the AGC circuit 
3 into a digital signal, wherein a digital signal is herein- 
after called a picture data. The frame memory 6 stores 
ajjrtum data of one picture frame. The multiple expo- 
sure control cjrcurt 5 controls to add a picture data 30 
stored in the frame memory 6 and a new picture data to 
be inputted and to store them in the frame memory 6 



[0015] The multiple exposure control circuit 5 per- 
forms a process of integrating a picture data outputted 
from the A/D converter circuit 4 by a number of multipl e 
exposures *m* at each pixel J n other words, at a first 
exposure, that is, when a picture data is taken in, the 
multiple exposure control circuit 5 makes the frame 
memory 6 store the picture data as it is. At a second and 
succeedin g exposures, the multiple exposure control 
nrrurr^ progress es to add a picture data read out from 
the trame memory 6 to another picture data outputted 
ffohn the A/D converter circuit 4 pixel bv pixel and to 
store the added picture data in the frame memory 6 
once again. 

[001 6] When "m" times exposures are completed, a 
picture data is read out from the frame memory 6 
through the multiple exposure control circuit 5. A picture 
data value of each pixel is divided by "m" by the divider 
circuit 7 and the divided picture data is supplied to the 
signal processing circuit 8. A picture data supplied to 
the signal processing circuits is averaged bv equally 
weighting picture data obtained bv 'm' times exposures , 
that is, obtained by taking in data "m" times. Accord - 

jggty an information of a pirtiirg takAn in first will not be 

decreased extremely. Further, a process such as stop- 
ping down light intensity is not performed, so that a 
multi-exposed still picture data having an excellent sig- 
nal to noise ratio (S/N) can be obtained. 
[0017] The picture data inputted to the signal 
processing circuit 8 is converted into a luminance signal 
and a color-difference signal and recorded in the 
recording medium 9 after an information compression 
process is applied. A semiconductor memory and a 
magnetic memory are utilized for the recording medium 
9. 

[001 8] Fig. 2 shows a block diagram of an electronic 
camera depicting a control function during multiple 
exposure according to the embodiment of the present 
invention. 

[0019] Rg. 3 shows a flow chart of processing steps 
during multiple exposure according to the embodiment 
of the present invention. 

[0020] In Fig. 2, a control section 1 1 is composed of 
a micro computer and controls the multiple exposure 
control circuits, a power supply section 12 and a display 
section 13 in accordance with processing steps shown 
Tn Rg. 3. An interval Tint - of multiple exposure, that is, 
an interval Tint" between each exposure is inputted by 
a user through an operation section not shown in the 
control section 11. 

[0021] With referring to Rg. 3, a picture data is 
taken in first, that is, a first time exposure is performed 
(step S1 1) when a multiple exposure is started. A count- 
ing number V of a counter, which counts a number of 
exposures, is set to "1 " (step S1 2). .The interval Tint" is 
judged whether or not the Tint* is longer than a pred e- 
termined interval "TintO* (step S13). In a case of Tinta 
TlntO*. the process is forwarded to a step S1 8. 
[0022] jn a case of "Tint > Tint 0* in the step S13. 



when performing a multiple exposur e process. The 
divider circuit 7 divides a value in response to each pixel 
of a signal read out from the frame memory 6 through 
the multiple exposure control circuit 5 by a number of 
exposures "m 1 . The signal processing circuit 8 gener- 
ates a luminance signal and a color-difference signal 
from an output signal of the divider 7 and records them 
in the recording medium 9 through an information com- 
pression process. 

[001 2] The frame memory 6 has a memory capacity 
of "M" bits, which is expressed by an equation (1 ) below 
in response to a number of exposures "nrf, wherein the 
"m" is an integer of being greater than or equal to 2. 
[001 3] M = (N + k x nPXL) (1 ) , where "N" is 
a necessary capacity for a single exposure in bit, "k" is 
an integer of satisfying an inequality 2 k " 1 <ms2 k and 
nPXL is a number of pixels in one picture frame. 
[0014] Generally, a data of integrating "m" times a 
data of u n m bits multiplied by a data of "n" bits becomes 
a data of (n + k) bits, wherein the "k" satisfies the ine- 
quality 2 k " 1 <m £ 2 k . In the equation (1) above, the 
capacity "1ST is equivalent to "n x nPXL". The frame 
memory 6 can store a picture data of integrated ¥ 
times without overflowing by setting, the memory capac - 
ity of the frame memory 6 to a capacity "M" , which is a 
sum of the capacity "N" and (k x nPXL). 
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while power is continuously supplied to minimum neces- . _ 
sary circuits, power supply to other circuits is shut off so 
as to save power consumption (step S14) and the dis- 
play section 13 indicates that it is in a standby mode for 
multiple exposure (step S1 5). The standby mode contin- s 
ues until an indication of count-up timer tmlNT*, which 
counts a lapse of time after a preceding picture data is 
taken in, exceeds a time of subtracting a time allowance 
"DT" from the interval Tinf (step S16), wherein the 
time allowance "DT" is defined as a time duration from a 
time when power is resupplied to a time when a circuit 
status becomes stable. Accordingly, with resupplying 
power prior to taking in a succeeding picture data men- 
tioned above, functions such as automatic white balanc- 
ing and automatic focusing can be prevented from 
shifting when the picture data is taken in. 
[0023] In the step S16, rf the lapse of time is 
"tmlNT > Tint - DT \ power is resupplied to the other 
circuits of which power is shut off in the step S14 (step 
S1 7). The other circuits keep in a standby mode and the 
process repeats until the interval Tint* lapses after a 
preceding picture data is taken in (step S18). A su&- 
^ppdip g pirtiirp riatg is taken in. that is. a succeeding 
picture is exposed when the interval Tint* lapses (ste p 
S19) and the counting number "i" of the counter is 
advanced with an increment of 1 (step S20). The proc- 
ess returns back to the step S13 until the counting 
number V of the counter becomes the number of expo- 
sures "m". The process comes to end when the count- 
ing number "i" of the counter becomes "m" (step S21 ). If 
the lapse of time is tmlNT s Tint - DT" in the step S16, 
the process returns back to the step S1 5. 
[0024] Accordingly, unnecessary power supply is 
shut off during a standby mode by the process shown in 
Fig. 3 if the interval "Tint" of multiple exposure is longer 
than the predetermined time TintO", so that power con- 
sumption can be reduced. Further, a user can discrimi- 
nate a case such that a power supply shall be shut off 
due to a lack of battery capacity from other cases by dis- 
playing that it is in a standby mode for multiple exposure 
in the display section 13. Furthermore, since power is 
resupplied a little earlier than a time when the interval 
"Tint" lapses, functions of automatic white balancing 
and automatic focusing can be prevented from shifting. 
[0025] While the invention has been described 
above with reference to specific embodiment thereof, it 
is apparent that many changes, modifications and vari- 
ations in the arrangement of equipment and devices 
and in materials can be made without departing from 
the invention concept disclosed herein. For example, a n 
electronic camera having a function of taking not o nly a 
still picture but also a moving picture can pe acceptabl e. 
[0026] As mentioned above, according to the 
present invention, a memory device of storing a digital 
picture data in response to a picture of one frame has 
"M" bits of memory capacity, which is represented by 
M = (N + k x nPXL) , wherein N is a necessary capac- 
ity in bit for a single exposure, "k" is an integer of satis- 



fying an inequality 2 k ~ 1 <mss2 k and nPXL is a number of 
pixels in one picture frame, in accordance with a 
number of multiple exposures "m\ wherein "m" is an 
integer of being greater than or equal to 2. Accordingly, 
the memory device can integrate all information of dig- 
ital picture data obtained by "m" times exposures with- 
out losing any information and can contain them. 
Further, values in response to each pixel of the picture 
data obtained by the integration are outputted after 
being decreased by a factor of 1/m, so that a multi- 
exposed picture in optimum exposure can be obtained 
with balancing a picture information obtained at each 
exposure of multiple exposures without decreasing S/N 
of output of an image sensing device or without over- 
flowing of a memory capacity. 

Claims 

1. An electronic camera, which can perform multiple 
exposures, comprising: 

image sensing means for outputting an optical 
image of a subject after converting the optical 
image into an electric signal; 
analog to digital converting means for convert- 
ing a picture signal obtained by said image 
sensing means into a digital picture data; and 
memory means for storing the digital picture 
data corresponding to a picture of one frame, 
said electronic camera is further characterized 
by that said memory means has a memory 
capacity of "M" bits defined by an equation 
mentioned below in response to a number of 
multiple exposures "m", wherein the :"m" is an 
integer of being greater than or equal to 2, and 
that the digital picture data is integrated by the 
number of multiple exposures "m" and stored in 
said memory means, and that a value corre- 
sponding to each pixel of the picture data 
obtained by the integration is decreased by a 
factor of 1/m and outputted: 
M = (N + k x nPXL) , where "N" is a necessary 
capacity in bit for a single exposure, "k" is an 
integer of satisfying an inequality 2 k1 <ms2 k 
and nPXL is a number of pixels in one picture 
frame. 

2. A method of multiple exposure of an electronic 
camera comprising steps of: 

outputting an optical image of a subject after 
converting the optical image into an electric 
signal; 

converting a picture signal in analog obtained 
in the step of outputting into a digital picture 
data; and 

storing the digital picture data corresponding to 
a picture of one frame in memory means, 
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wherein said memory means has a memory ~ 

capacity of "M" bits defined by an equation 
mentioned below in response to a number of 
multiple exposures 'm\ wherein the "m" is an 
integer of being greater than or equal to 2, and 5 
wherein the digital picture data is integrated by 
the number of multiple exposures B m" and 
stored in said memory means, and wherein a 
value corresponding to each pixel of the picture 
data obtained by the integration is decreased w 
by a factor of 1/m and outputted: 
M = (N + k x nPXL) , where "N" is a necessary 
capacity in bit for a single exposure, "k" is an 
integer of satisfying an inequality 2 k1 <ms2 k 
and nPXL is a number of pixels in one picture is 
frame. 



20 



25 



30 



35 



40 



45 



50 



5 



EP 1 067 778 A2 



MEMORY 



IMAGE 
SENSING 



2 .3 ,4 



CDS 




AGC 




A/D 



6 



MULTIPLE 
EXPOSURE 



1/m 



8 



SIGNAL 
PROCESS 



Z 



9 



RECORDING 
MEDIUM 



Fig.l 



r 



13 



DISPLAY « 





MULTIPLE 








EXPOSURE 






l 






POWER 


I 


CONTROL 






— ► 


SUPPLY 









Tint 

Fig. 2 



EP 1 067 778 A2 



( START ) 



S11 v 

S12 v 
S13, 

S14 s 

S15 v 
S16 

S17 v 

S18 

S19 
S20 
S21 



TAKING IN PICTURE 



T 



^-< ^ Tint > Tint 0?~~^ > 



NO 



YES 



SHUTTING OFF 



INDICATING 



1 



tm»NT>TintO-DT?^> 



NO 



YES 



POWER ON 



tmiNT = Tmt? ^ > 



NO 



YES 



TAKING IN PICTURE 



I «- i+1 



Urn? 



> 



NO 



YES 



C 



END 



3 



Fig. 3 



7 



